Objective: To determine if staffing level is associated with poor nutrition in the long-term residential care setting, adjusting for other confounding factors. Design: Cross-sectional survey. Setting: In total, 14 residential care facilities in Hong Kong, stratified by nature (government subvention or for-profit) to reflect the overall proportion in Hong Kong. Subjects: A total of 1914 subjects were assessed, using the Resident Assessment Instrument (RAI) 2.0. The response rate was 95% (1820 subjects), of which 1699 subjects had complete nutritional information. Intervention: Body mass index (BMI) was calculated by weighing and height measurement, and arm span was used if the subject could not stand. Subjects who were receiving parenteral or enteral nutrition via nasogastric of enterostomy tubes were excluded. A history of weight loss of 5% in the past month or 10% in the past 6 months, leaving 25% of food uneaten, and BMI o18.5 kg/m 2 were examined as nutritional indicators. Association with age, gender, functional disability, oral problems, taste problems, presence of physical diseases and psychological well-being was examined using w 2 -test, and multiple logistic regression. Results: In all, 26% of residents had a BMI o18.5 kg/m 2 , with a higher prevalence in the for-profit homes. History of weight loss and the record that 25% of food was left uneaten were poor indicators of low BMI. Multivariate analysis showed that having chronic obstructive airways disease, requiring help with feeding, being female, older age, were factors associated with an increased risk of poor nutrition, while being independent in activities of daily living and higher staff levels were associated with a reduced risk. Conclusion: Poor nutrition is a persistent problem in the long-term care setting, and inadequate staffing levels may be a reversible cause. However, resource limitations may render efforts at improvement difficult. Sponsorship: SK Yee Memorial Fund.
Introduction
Malnutrition in the long term residential care setting has been extensively documented to be a prevalent problem, with adverse effects on morbidity and mortality (Munci & Carbonetto, 1982; Pinchcofsky-Devin & Kaminski Jr, 1986; Sandman et al, 1987; Rudman & Feller, 1989; Thomas et al, 1991; Abbasi & Rudman, 1993; Sullivan & Walls, 1994; Morley & Silver, 1995) . The causes are largely reversible (Morley & Kraenzle, 1994; Morley & Silver, 1995; Sullivan, 1995) , and nutritional assessment has been incorporated as one of several performance indicators linked to reimbursement in countries such as the US (Hawes et al, 1997) , as part of the Resident Assessment Instrument (Brown, 1995) . However, in spite of documentation of the problem, it has to a large extent persisted. It is possible that more research into development of intervention programmes and evaluation of their effectiveness could be carried out. Equally important is the resource implications of such programmes, since affordability, and profit considerations (on the part of privately run homes), may prevent such programmes from being carried out, since they are likely to involve additional staff time, a major component of cost in institutional care settings.
In Hong Kong, malnutrition among long-term care institutions have been documented over 10 y ago (Woo et al, 1989a, b) . However, the problem has persisted, in that a survey of 1699 residents in 14 homes in 2001 showed that 26% had a body mass index (BMI) o18.5 kg/m 2 . This survey had been carried out using the MDS-RAI 2.0, providing a detailed profile of residents. In this study, we use the data gathered from the survey to examine the factors associated with poor nutrition, to determine whether the resource constraints (as reflected by staffing levels) play any role. This information is important in any strategies targeted towards improving nutritional status in the long term care setting.
Subjects and method
In 2001, there were 553 private homes and 130 subvented homes in Hong Kong. The staffing level in these homes are highly variable in quantity as well as in training and skills. According to government regulations, the minimum level consists of one home manager, one ancillary worker for every 40 residents between 0700 and 1800 hours, one personal care worker for every 20, 40, and 60 residents during different times of the day (more during mornings), and one nurse or health worker for every 30 residents during day time and 60 residents during night time. The nurse may be a registered nurse or an enrolled nurse (1 y less training compared with a registered nurse). A health-care worker has received some training in health care by attendance at courses. Apart from the nurse or health worker, the other workers do not have any formal health qualifications, but have received secondary education in general. There are no designated staff for food service, nor dietitians. Meals are cooked in the kitchen and transported to living areas by kitchen staff. Then workers distribute the food either to the bedside of residents or to the dining tables. After a set time (about 45 min), food is taken away. For those who have difficulty with self-feeding, the staff would provide help. There is no additional charge for food, meals being included in the residential fee. Neither is there a meal choice. In homes where the study was carried out, there was a wide range in the total number of staff involved in personal care, from 32 to 63 per 100 residents for subvented homes and 8-30 per 100 residents for private homes.
As there were more private homes than subvented care and attention homes in Hong Kong, we used the sampling ratio of 2.5:1 for private and subvented homes. In total, 10 private and four subvented homes with at least 100 residents were randomly selected for data collection. The MDS-RAI 2.0 was used to assess all residents. This had been translated into Chinese and validated in 2001 Chou et al, 2001) showing that the RAI 2.0 displays adequate psychometric properties in terms of inter-rater reliability, test-retest reliability, context validity, criterion validity and clinical validity. The 22 sections in the Minimum Data Set include: (1) Identification Information; (2) Demographic Information; (3) Customary Routine; (4) Identification and Background Information; Data were collected by two research assistants who had undergone training in the use of the instrument. To minimize the error in data entry, research assistants used personal digital assistant program to input data on site. The respondents were interviewed face-to-face and if the respondents were too frail to be interviewed, information for assessment was collection from proxy including personal care workers, other front-line staff, family members or friends. Moreover before the research assistant interviewed each subject, she had reviewed that subject's file at the residential home to collect background information on the social and medical history. After the interview, the RA confirmed the subjects' daily routine with staff to ensure the reliability and validity of information obtained.
Since most of the institutions have no equipment for weight measurement, a chair scale had to be taken to these home. Height and weight were measured by flexible tape and chair scale (Detecto, USA). A wheelchair platform fitted over a standing scale was used if the subject's sitting posture did not allow the use of the chair scale. Height was measured in the standing position without shoes. If subjects could not stand, height was estimated by measuring the arm span (Kwok & Whitelaw, 1991) . This is defined as the distance between the middle fingertips of each hand with arms fully outstretched, and if subjects could not fully outstretch their arms, half armspan was measured, being the distance from the finger tips of one hand to the xiphisternal notch. Arm span is taken as approximately equal to the subject's adult height. BMI was calculated by dividing the weight in kilograms by the height in meters squared.
Of the 1914 residents in these residential facilities, 1820 of them were successfully assessed with a response rate of 95%. Among those 1820 cases, 583 cases were living in subvented homes and 1237 cases in private homes. The reasons for unsuccessful assessments include hospitalization, moved to other caring centers, home leave, and death. Subjects who were being feed parenterally by nasogastric or percutaneous endoscopic gastrostomy tube were excluded, since the quantity being given will be prescribed, and administration of nutrition via this method is likely to be similar to that of medication, and therefore less variable compared with oral nutrition. A total of 1699 subjects remained with complete nutritional information. The following items of the RAI were used as nutrition indicators: weight loss of Z5% in the past 1 month or Z10% in the past 6 months; leaving 25% of food uneaten, and BMI. A BMI of o18.5 kg/m 2 was used as a criterion for undernutrition, this value being o1 s.d. below the mean value from a previous community survey of elderly subjects (Woo et al, 1995) . As the value of the item leaving 25% of food uneaten as an indicator for malnutrition is uncertain, the sensitivity as specificity of this item for detecting a BMIo18.5 kg/m 2 was also assessed. The following factors in the RAI were examined for possible association with BMI, and also BMI together with a history of weight loss, using the w 2 -test for categorical variables and Student's t-test for continuous variables: staff number, type of institution (private or government subvented), age, gender, functional disability, oral problems, taste problems, presence of diseases (cataract, stroke, dementia, chronic obstructive pulmonary disease, congestive heart failure), depression and mood problems. Multiple logistic regression was used to determine independent factors associated with nutrition. The SPSS v. 10.0 by SPSS Inc., (Chicago, IL, USA) was used for data entry and analysis.
Results
The characteristics of the residents are shown in Table 1 . Compared with those in private institutions, residents living in subvented homes were older, had higher BMI and lower prevalence of undernutrition (BMIo18.5 kg/m 2 ), but a greater prevalence of history of weight loss. The usefulness of food left uneaten was examined as a screening test for undernutrition. Data for both variables were available for 1534 subjects only. The sensitivity and specificity were 60 and 48%, respectively; the positive and negative predictive value were 28 and 79%, respectively; and the false positive and negative rates were 72 and 21%, respectively. While the negative predictive value is high and false negative rate low, this item has poor sensitivity and specificity. Low staff members, being a for-profit institution, female gender, functional dependency, and a history of chronic obstructive pulmonary disease were positively associated with a BMIo18.5 kg/m 2 (Table 2) . Having a history of stroke or depression were negatively associated with low BMI. No significant association was noted with oral and taste problems, a diagnosis of cataract, dementia, or congestive heart failure, or mood problems and weight loss of 5% or more. With the exception of older age and being a for-profit institution, few associations with weight loss were observed. This is not surprising since not all homes had scales for weighing residents and not all residents were weighed in these homes with scales. The results were essentially the same if BMI is combined with a history of weight loss as a Table 1 Characteristics of subjects Malnutrition and staffing level J Woo et al single variable. Multivariate analysis showed that having chronic obstructive airways disease, requiring help with feeding, being female, and older age, were factors associated with an increased risk of poor nutrition, while being independent in activities of daily living and higher staffing levels were factors associated with a reduced risk (Table 3) .
Discussion
It has been pointed out that the problem of undernutrition in nursing homes is well known, and persistent (Sullivan, 1995) . Although interventional programmes should be developed and monitored, data on effectiveness are sparse, as are cost data. In the absence of such information, it may be argued that there may not be any point in documenting nutritional indices, especially since the documentation itself involves staff time. Many of the risk factors associated with malnutrition are theoretically reversible (Morley & Kraenzle, 1994) . For example, adequate oral health, good social meal environment, provision of meal choice, adequate help with eating for those with disabilities, use of food enhancers (Schiffman & Warwick, 1989) or food supplements (Lauque et al, 2000; Shibata, 2001 ) may improve intake. Provision of physical activity programmes may also have a beneficial effect on nutritional status (Morley & Silver, 1995) . These measures may not be as effective for subjects with chronic irreversible wasting diseases, such as chronic obstructive pulmonary disease. Many of the above measures have resource implications, the most basic one being staff numbers. Currently, residential care homes in Hong Kong are not required to complete the RAI. Indeed, there is no mandatory requirement for regular comprehensive assessment of residents. The awareness of nutritional issues is variable, in that three out of 10 private homes did not have weighing scales. For those with scales, only ambulant subjects rather than chair or bed bound subjects will be weighed. Inspite of the absence of scales in some homes, there were no missing data for the questions on weight change, suggesting that the replies were not all based on objective measurements. Therefore, it is not surprising that a history of weight loss was associated with few factors. More subjects reported weight loss in subvented homes, perhaps reflecting more accurate reporting when measurement of body weight is possible. This raises the question of whether simple screening tools may be a substitute for body weight measurement in detecting malnutrition, if weighing cannot be carried out because of equipment/staff limitations. The oral/nutrition section of the RAI includes questions regarding chewing problems, height and weight, weight change, complaints about taste of foods or repetitive complaints about hunger, and leaving of 25% or more of food uneaten at meals. If height and weight could not be measured, it would be interesting to see if other questions are useful at predicting a low BMI. A previous study in Danish people living in nursing homes or receiving home care validating the RAI triggers for detection of under nutrition against 4-day dietary record to assess energy and protein intake showed that food remaining on plate and weight loss influenced the energy and protein intake among the nursing home population, but not these (Beck et al, 2001) . Therefore in the Chinese population, simple recording of whether 25% of food is left uneaten, as part of the RAI, may also be a good indicator. However, the sensitivity and specificity are low for detection of BMIo18.5 kg/m 2 . We were not able to document the dietary intake, and cannot comment on the portion sizes. It is possible that those with already low body weight might have lost their appetite and received less food, so that there will be less food left uneaten. Other confounding factors may also account for the low sensitivity and specificity. Other possible tools may be the Mini Nutrition Assessment (MNA) (Vellas et al, 1999) , which has been used in the US and Europe. This had been modified for use in Chinese, where measurement of anthropometric indices had been omitted. The sensitivity of a cutoff score of 21 for detecting a BMIo18.5 kg/m 2 was even lower, although specificity was higher. (J Woo et al, unpublished results).
Therefore, it appears that body weight (enabling calculation of BMI), should be recorded as the single most important nutritional indicator.
The independent association between chronic obstructive airways disease and poor nutrition has been well documented (Schols et al, 1993) , it being one of the chronic wasting diseases. A negative energy balance has been shown to be the predominant cause among Hong Kong Chinese patients (Tang et al, 2002) . The explanation for the higher prevalence among women is uncertain, but may be related to greater inactivity compared with men, or greater comorbidities or disabilities affecting dietary intake. It can be seen that help with feeding, and staffing levels, are factors that can be modified with a view to improving nutritional status. The relationship between staffing levels and other quality indicators have been documented in the USA (Needleman et al, 2002) and Australia (Braithwaite, 2001) . It is not surprising that a relationship between staffing levels and nutritional status is also observed in the residential care setting. Apart from staff numbers, suitable training is also important, as it had been documented that approximately one-third of nutritionally at risk subjects was not identified by home staff, who also tended to overestimate meal intake by up to 20% (Pokrywka et al, 1997) .
The relationship between malnutrition and number of staff in a long-term care facility may be mediated by insufficient help with feeding especially for those who cannot help themselves, or the number or quality of meals served. These areas may be adversely affected by low staff numbers. The problem of inadequate staffing levels contributing to malnutrition in the long-term care setting is part of the larger problem of persistent poor quality of care as a result of low numbers of staff in long-term residential care, particularly in the profit making homes (Kane, 2000) . Attempts at regulation by linking reimbursement to quality indicators have been problematic (Kane, 2000; Harrington, 2001) , not least because there are difficulties with revoking licenses if standards are not met (Kerrison & Pollock, 2001) . Ultimately, society has to decide whether best practice is affordable (Richards & Beck, 2002) . Currently, in Hong Kong, it appears that neither the government nor the majority of the population can afford this, with the current system of health-care financing where the majority rely on government subvention, which does not entirely cover the cost of residential care.
There are some limitations to this study. For convenience, we chose homes that have 100 or more residents, since the survey would be more cost effective, as resources were limited for the study. There are many confounding factors to take into consideration such as the size of homes, economy, education level of staff, apart from the staff number. The characteristics for smaller homes may be different, although it is difficult to speculate whether the prevalence of undernutrition will be lower or higher. Although the mode of operation of government subvented homes is fairly uniform, there is wider variability among private institutions, reflecting the range of charges. We did not stratify the sample according to the fees charged, and there may be under-or over-representation of homes charging lower fees. There may be shortcoming in the accuracy of data for the RAI, since information is largely from resident or staff reports, rather than from direct observation. Not all homes have individual files for residents, and even if there are files, information recorded is brief. However, there is a wide range of staff numbers between the homes, allowing for the examination between staffing levels or nutrition status. A qualitative approach to examine staff operations would have yielded additional information in examining the association between malnutrition and factors relating to staff.
In spite of these limitations, this study shows that poor nutrition continues to be a problem in long-term care in Hong Kong, that body weight should be recorded as the single most important nutritional indicator, and that it is independently associated with increasing age, female gender, presence of chronic obstructive airways disease, limitations in activities of daily living, and low staffing levels. Resource limitations may render efforts at improvement difficult, resulting in persistence of this problem.
